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INSTRUCTIONAL UNIT OBJECTIVES - When the book is completed each 
student shbuld: 

• a. Be familiar with the historical development of aircraft 
engines. 
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, c. Know the major components and relationships for aircraft 
engines and accessory systems. 

d. Be familiar with the current state of propulsion technology. 
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CHAPTER I - power' IN FLIGHT 

i 

This chapter is primarily a review of informati on .covered pre- 
viously in Aerospace Education booklets concerning the historic 
development of the airplane* The accent is on the development 
of aircraft powerjplants* It also includes brifef reviews of his- 
toric developments in aerodyn^jicJJiearyT-ef^ Tn ballooning 
_^rHl-^i4ingr more the rbugR^ coverage of engine development, 
starting witfv^he steam engine* Coverage of the reciprocating 
engine development extends to the Wright- brothers ' "Flyer*" A 
brief. hi^ry of the development of jet propulsion for aircraft 
use is included. The final part of the chapter deals with the 
^^^vier rarting terms of horsepower and thrust* 

r. OBJECTIVES: 

a. Traditional Objectives - Each^student should: 

Know the significant developments that contributed to the. 
reservoir of knowledge necessary for the first successful 
powered flight* ^ ' 

Know the importance of the deveropment of thr internal 
combufR-on engine to the first successful heavier-than- 
air machine flight* 

Know how to determine the power output of reciprocating 
and )et propulsion engines* ^ 

b. Behavioral Objectives - Each student should be able to: 

(1) Discuss at least three significant developments that con- 
tributed to the reservoir of knowledge needed for the 
first successful powered flight* 

(2) Discuss at least two reasons why the development of the 
internal combustipn engine was important to the first 
successful heavier- than-air machine flight* 

(3) Solve simple power output problems when the necessary 
data and formulas are given for reciprocating and jet 
engines* 




V 



(1) 
-^(2) 
(3) 
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SUGGESTED OUTLINE: 

a. Development of the engine^ 
with many setback 




(2) The steam engine (external combystipn) had many disadvan- 
tages ' ^ ' ' ' 

(3) Development of ^'the internal engine came as a result of 
improvement on the external combustion engine • • 

(4) The Wright brothers collected tffe recorded progress in 
all fields of aviationf and then added their knowledge 

« ^ ; 

b. Air theory 

(1) the wind Wjis first power used to sail ships 

(2) Wf'nd was believed to be a sustaining force 

(3) Air supported the flight of birds 

(a) Leonardo da. Vinci believed birds swim tn. a^r. "He 
believed that air hinders flight • ' 

'. 1^. He studied streamlining to reduce resi-stanee v 

^ • , ^ ' • 

2. He drew plans for a parachute,' for „a helicopter, 
and for an omi,thopter--'a device with bfrd-like 
^ngs that man coiilrf'/lap • * " . . ' 

("b) Borelli-, in 1680, published that m&n wpuld never be 
able to fly because b'f poor* ratfo iof power to weight 

(c) .No man was able to fly by flapping things liJcfe wings. 
Photograiihy shows that .the outer primary feathers of 
a birds'' wings function as propel lei;s 

(d) The major problem with balloons -is how. to control 
their direction of flight . • , > 

c. Engines ■ ^ ' '• - , * • 

(1) Steam engine was developed for. aircraft (balloons) in 1851 
by Henri Giffard of France 
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(2) Internal combustion engine 

(a) First gasoline engine was produced by~»>-Ceci 1 , an 
. : Englishman, in 1820 

(b) Williafn Bariiett, Englishman, suggested that compressed 
« ■ /gasoline would produce more power 

'c) J.J.E. Lenoir, a Frenchman, designed the first practical 
internal cbmbustion engine. in 1860 

(d) A.lphonse Beau de Rochas came out with a theory for a . 
four cycle engine 

(e) Njkolaus Otto applied the theory^ real engines in 
1876- • N\ 

(f) Gottlieb Daimler devised a high .speed\>ternaT com- 
bustion engine in 1883 ' V, 

Powered flight " ^ . 

(1) -Paul Haenlein, a German-, was first to use a foilii cylinder 
'internal combustion engine on an airship (ballool) in 1872 

(2) 'in 1.881,. Albert and Gaston Ti.ssandier of France iteed an 

electrically driven i. 5 HP engine on an airship 1 ; 

(3) David\chwa'rtz was first to use a gasoline burning internal 
combustion -engine on an a-irshtp ffi 1897; 

(4) A Brazilian, "Santos -Dumo.nt, ahd a German, Ferdinajfd von^ 
Zeppe>in, worked on dirigibles powered. by intern^ combustion 
engines in 18^8; In 1901, Zeppelin's dirigible /lew seven 
miles in 29 .minutes and 3l.s.econds ^ 

(5) Balloons supplied information on engine design 

(6) Gliders supplied information on aircraft design 



{Bi\ Sir George Caley 
(b) Otto Lilienthal 
Percy Pi 1 Cher 
Octave Cha^ftrte. 



17) Adding a source oT power, 

(a) Samuel Langley 'produced the first successful heavier-^ 
than-air model aircraft. His full-sized aircraft, the 
"Aerodrome," had a good engine built by Charles Manly 
^ but never carried a man successfully. 
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right brothers had to experiment and develop 
r own ideas 

1. \Developed a 12 HP engine, 170 lbs, 4 cylinders, 

Vith the help of Charles Taylor 

\ > ^ 

2. Constructed their own wooden propellers 

(c) December 17^ 1903, Orville Wright. flew the "Flyer" 
while his brother. Wilbqr watched 

Jets . • • \, 

(1) Isaac Newton's theory on motion, 1687 - - 

(2) ' Sanford Moss, ati American, did research on the gas" turbine 

engine 

(3) Frank Whittle combined the gas turbine and air coijjpressor 
■ to make a jet in 1930 * ' 

(4) Germany, fleW the first jet aircraft in August 1939. The 
engine was designed by Pabst von Ohain 

(5) The English successfully flew a jet aircraft in May \9A\ 

(6) The US flew the P-80 in- 1944 
Power terms 

*(1) Thrust • 

(2) ' Work; W=FxO - ' • 

(3) Jam^s Watt develoMti the concept of horsepower 

hp = number of f tNb/sec 


(a) Newton's second and third laws of motion 
,(b) Acceleration, an increase in velocity per unit of time 

(c) Formula for determining thrust is force (in lbs) = 
mass (in slugs) times acceleration (in feet per sec 
per sec) or F = MA 

(d) Thrust horsepower = thrust x airspeed 

375 



-4 
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3. ORIENTATION: 

a. The historical development of enginesMsed to power aircraft 

is traced in this chapter. A review of the'history of lighter- 
than-air craft f.ljght and powered flight is included. Successful 
' flight incorporated advances in all of these areas. 

b. As instructors, you should be able to have thf students expllain 
the following: \ 

(!) The maii^ d1,fferfnce between internal and external combustion • 
engines and thf reasons external combustion engines proved 
impractical for powering aircraft. 

1 2) Why the internal combustion engine. was so long developing 
and why it was the key to powered flight. 

(3) Terms such as thrust and horsepower, and theirtrelationship. 

(4) Jhe student should understand the functions necessary to 
"compare a piston engijie's power with' that of a jet. 

4. SUGGESTED KEY POINTS: 

One of the first engines to be developed was the steam 
engine (an external combustion type). It liad many- 
shortcomings that prevented it from being a powerplant 
for 'aircraft. Some of these shortcomings were: it 
was too bulky; it was too heavy; and it could riot change 
its power output quickly enough to be responsive to the 
pi lot's" control . 

The internal combustion engine was a great advancement 
because it did not have. the shortcomings- of the steam 
engine (s^e Key Point a). Its development came only 
when there was a sufficient accumulation of knowledge 
in mechanical skills, thermodynamics (the study of heat 
ahd energy), the use of new metals which were strong 
but light, etc. Without this type of engine, it probably 
would have taken many' years before a suitable power 
source could have been invented.. 



(Note: Many page references cited in this handbook may not coincide with 
the exact page of your reference book. Due to purchases over extended 
periods, some books have been revised several times.) , 



** V-9014, 
pp 80-^ 

** V-900ai9 

p 10 
** V-9156, 

p 58, 

• b. 

* V-9013, 
pp 118-119 

** V-9014, 
pp tJ4-87 

** V-9131, 

P 1 
** V-9U7, 

pp 17-19 
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c Even though the 1)rinci pies involved in the operation 
* of a jet engine were known for 200 years, an engine of 
** V-9131 this type was not constructed. The main reason for ^ 

nn 2" this was that an internal combustion jei engine, had to • 
405-407 be developed because the external type was too bulky 

and produced little power. The development of metals ^ 
strong enough to withstand a large amdunt of heat and ^ 
pressure opened tjie doorway to producing a jet engine. 
Sanford Moss' research on turbines helped lead to the 
development of a practical engine when frank Whittle 
coupled the turbine with an air compressor. For about 
' 25 years ^e jet engine's use as a powerplant was insig- 

nificant but with the ending of World War II, there was 
. a tremendous expansion of jet engine usage until today 
its role in our dail^ life is taken for granted. 

d This chapter is concerned >^th two different types of 
propulsion systems, and two m^'ferent typfes of power 
* V-9131, output ratings are needed: horsepower and thrust. 

• po 407-408 Cars and some airplanes have a common type of propulsion 
unit, the reciprocating engine, so it is hot surprising 
that these aircraft er\gines can be rated in terms of 
> • horsepower. Since jet engines work differently than 

reciprocating engines, a more appropriate power rating 
is thrust. t 

e Since power is work done over a period of time, work 
must first be defined. Work is the exertion of a force 
o.ver a distance. A formtrla to compute work is as 
follows: W = FxD. For^example, when a man lifts a 
box weighing 100 lbs upward from the floor a distance 
of four feet, he has done 400 'ft lb of work. Histori- 
cally, James Watt was responsible for setting the unit 
of power, horsepower, at 550 ft lb/sec when he decided 
to compare the power output of a steam engine with th^ 
power output of a horse. Thus, to determine the horse- 
power rating of an engine, it is necessary to use the 
formula: 

hp = number of ft lb/sec 
550 

For jet and rocket engines the m6st convenient power 
rating is thrust. Since thrust is a force, the power 
rating of a jet can bfe computed from a formula derived 
from Newton's Second Law of Motion. This formula 
(F = MA) shows that the force in pounds (thrust) is 
equal to the mass in slugs (of air moved through the 
j- engine) times the acceleration in feet per second 
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pp 180-181 . 




202-203 ' 
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(1966 ed.). 
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49-50 
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407-40fc, 




468-470 
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pp 15-26 




545-549 
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(increase in velocity of the air per unit of time). - 
For example, a jet which has an exhaust velocity, pf 
1700 feet per second and is capable of handling 
322 lb of air per second has a thrust qf J7,000 lb. 
This was computed j'n the following manner: t(ie 
acceleration (rate of change in velocity) was equal 
to final velocity minus the initial velocity, .divided^ 
by the time required for the change: . 



1700 ft/sec 

1 secx 



^ 9 

0 ft/sec = 1700 ft/sec^; 



thus 




322 lb ^ X 1700 ft/sec 
32.2 ft/sec2 

(Dividing by 32.2 f t/sec^v effe^ 
removes from our calculation of 
engine power the normal acceleration' 
caused by gravity.) 



T = 10 lb X 1700 
T = 17,000 lb 




SUGGESTIONS FOR TEACHING: 



a. Suggested time: 2-3-4 (Tran'slation-'-if you teach two academic 
periods per week we recommend you devo'te two hours to this sub- 
^ject. If you- teach three periods per week you could devote 
three periods. If you/^ teach four academic hours per week you ' 
could devote four periods to the subject. Thpse ."Suggested 
times" are just that--recommendatipns. ^ Adjust the emphasis 
according to Interest and talent--both yours and the students*.) 

b. The history of aircraft flight was examined in detail in AE-I. 

A review, of this can be made with the major accent on the develop- 
' ment of a suitable powerplant for aircraft. Tracing the history 
*of the ^development ofi the steam engine, other external combustion 
engines, and internal combustion engines such as the reciprocating 
engine and the jet could jbe a worthwhile- project for the class.. 
This activity could be arranged as a small group activity where • 
■ each group researches a particular type of engine or as a class 
' project where each student is given a specific assignment. The 
class could construct a time line on^ the development of aircraft 
propulsion systems. Toy engine models and schematics would 
certainly help the students visualize the powerplants that are 
. ^ being discussed.* If enough of these are brought to class, they 
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could be arranged in sequence around the room; each could be 
labeled and a 5hort ^description attached. You may want to look 
ahead to the summary .for this book for some interesting historical 
/ parallels. , , * , 

If your students do not ha\te the capability to grasp the compu- 
^ tations explained in this chapter, do not spend class time 
developing them^ Simple definitions are sufficient for students 
to understand information presented later in this unit. For those 
students who have the Interest and ability, materiails in V-9131 
and V-9171 may serve as references for special study or reports. 
Should you perform horsepower and thrust computations in class, 
the more advanced students-'can assist other students. One 
interesting method might be an individual or group competition 
in class to see who , can compute simple horsepower ancl thrust 
* computations most quickly. 

i. You will want ^ work very closely with several other departments 
throughout this unit of i^nstruction. This unit^hould reinforce 
an'd not repeat what is b^ng taught in Driver's Education, 
Automobile Shop, Vocational Agriculture, History, and Physics* 
You may want tp invite inst^cyctors from these departments to 
serve as guest efxperts —maybe a teaching interview on how this 
subject rqlateS'to theirs. . Also, they might be aware of addi- ^ 
. .tional audiovisual materials.? ' ^ 

a. Md^iy nnstru6tional approaches are effective for t-his chapter in 
t addition to those already mentioned. An effort should be^ade 
ta get the^^students involved as much as possible. A visit to an 
antique car museum or an antique auto show would be motivating. 
If your students, ha\fe a wide variance in ability, contracts can 
be very effective./ Students with an interest in art. could make 
drawings or montages depicting th^ history of propulsion. 
Students might be encouraged 'to compile a glossary for thijs 
text. The'^High School Curricul.um-Division could duplicate the 
best one as a supplement to the instructor handbook flivitig credit 
- to the cadets who compiled it. Projects should be developed 
based on your students' interests and abilities. 

f. A lecture-discuSsion method might be tried for this material. 
If you keep tHe^ lecture to a minimum but have adequate visual 
V ^Mds for this chapter, your students will be more interested n 
yand will leiarn more. Engines are a particularly popular subjecW;>c/^ 
with high SCTDg^oys. It will take more effort on your part^V 
Inake this instructional unit interesting to girls. If you can 
keep' their attention and direct them to tfie sequence of historical ^ 
steps in the development of modern engines you will have accom- 
plished the major objective^ for this chapter. ^ ^ 
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Textbook corrections: 
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(1) Page lA — I-n the acceleration formula there should not 
be an "s" on time.- 

(2) Page 16--Question 4.— powered is misspelled. 
Student assignment: read pages 1-17, 
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INSTRUCTIdNAL AIDS: 
a. Films: . • • 
(t) USAF 

TF1-37A4 Jet Propulsion, 20 min, color, 1946. 
(2) ' US Atomic Energy Commission ' ' . . 



Division of Public -Information 
Washington, D.C. 20545 

Power for -Propulsion, 15 min, color, 1965. (Traces 
history of power sources for propulsion,) , 

The address for your area Office of Information can.be 
found- i^ Educator's Gui^e to Free Films whicH your 
libriiry should .^ave. Borrower pays return postage. 

. . 

b. Models and.|harts that might be found in your school, for 
example, Internal combustion engine that the general science 

-or physiQS teacher has, could be effectively used to illustrate . 
the te.}}thi6ok descriptions. ^ - 

c. Slide?; ^ ■ ^ ^ - 

Series V-0086 may be somewhat complex for this^hapter. 
However, slides 5, 6, 7, and 10 may prove helpful for class- ^ 
room explanations. 

PROJECTS: 

« 

Art projects depicting the evolution of air#aft propulsion. ^ 

b. Bi|i Id model or cutaway engines for*»c1assroom display^ 

c. Have studenl^ role play inventors^who failed. 

d. Fly a model aircraft using different size propulsion systems 

and evaluate performance. ^ ' 1 

FURTHER READING:^ . * - 

a. V-9156 Aeroscience . pp 626-647 (Note: Students should be 
cautioned that the Langley engine discussed on p 644 is 
actually the Manly engine.) 

b. V-9159 Takeoff Into Greatness ; . . 



C.J' Current issues of Aerospace Historian 

t 
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IDEAS FOR IMPROVEMENT OF THE TEXTBOOK AND/OR INSTRUCTOR'S GUIDE 
AND TEACHING TECHNIQUES MOST EFFECTIVE FOR THIS CHAPTER. 
TO BE COMPILED AT END OF TEXT AND SENT TO JRC 

PROPULSION SYSTEMS 
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CHAPTER II - RECI-PROCATING ENGINES 

-\ 

This "Chapter goes into. the Jbsential elements of the mechanical 
^ystem of the reciprocating engine— the cylinder and its surroundi 
parts which work together to change fuel into energy and transfer 
•it to the propeller. It also. discusses the four-stroke cycle, 
different engine types, air and liquid cooling systems, and con- 
struction materials used to withstand high temperatures. 

1. OBJECTIVES: 

a. Traditional Objectives - Each 'student should: 

(1) Know the essential parts of the reciprocating engine. 

(2) Know that the four-stroke engine produces power by five 
mam steps during each cycle, 

(3) Be familiar with the major types of engine designs in 
regard to the arrangement of the cylinders. 

(4) Know at l^ast three ways in which excess heat from com- 
l^l^^on is carried away from the engine. 

b. .Behavioral Objectives - Each student should be able to: , 

(1) Identify and ^ist at least fou/ principle parts of the 
reciprocating engine. 

(2) Describe each of the five steps that occur during pne 
cycle of a four-stroke engine. 

(3) Recognize at least four types of engine designs in regard 
to the arrangement of the cylinders. 

(4) .Discuss at least three ways , in which excess heat from 
combustion is carried away from the engine. 

I. SUGGESTED OUTLINE: 

a. Influence and importance of the reciprocating engine. Ninety 
percent of all aircraft in geYieral aviation have reciprocating 
engines 
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Components of the mechanical system that should be identified 

are (Fig 7, p 21): . . . . 

(1) Cylinder--(combustion chamber) ^ ^ 

(2) Piston~(sliding plug on the cylinder that captures the 
heat energy and starts the conversion of heat to mechanical 
energy) - , 

(3) -Connecting rod--(between piston and crankshaft) 

(4) Crankshaft--( changes- up and down motion of the piston into 
circular motion to turn the propeller) 

(5) Valves— (control the flow of gases into and out of the 
cylinder) ^ , " 

The five-step, four-stroke cycle (Fig 8, p 22) 

(1) Step 1, intake stroke cycle--(pulls fuel mixture into the 
' cylinder) 

(2) Step 2, compression stroke cycle--(compresses fuel mixture) 

(3) Step 3, ignition--(piston is near the top of the compression 
stroke when a spark from the spark plug ignites the com- 
pressed fuel mixture) 

(4) Step 4, power stroke compressed--(piston is pushed down 
in the cylinder by the ej^pl-osion of the fuel mixture) 

(5) Step 5, exhaust stroke compressed--(the piston moves up 
in the cylinder to push the burned gases out through the 
exhaust valve opening) 

Diesel engines— advantages and disadvantages 

(1) More power per cylinder . ^ 

(2) Less power per pound of weight . ,y - 
'3) More expensive— initial cost 

(4) Diesel fuel less expensive 

(b Diesel fuel will not explode under normal crash circumstances 

(6) A diesel engine is less responsive to pilot's power demands 
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e. Types of reciprocating engines. (Fig 11, p 27) 

(1) Non-radia1--air or liquid cooled 

(a) Upright (cylinder above cirankcase) 

(b) Inverted (cylinder below crankcase) 

(c) Horizontal opposed 

(d) V-shaped block ^ 
" (e) X-shaped block^ 

(2) Radial— air-cooled cylinders with a one-throw crankshaft 

f. 'Performance of reciprocating engines 

(1) Air-cooled radial engine preferred for power requirements 
of over 300 horsepower 

' (2) The reciprocating engine can carry more weight farther, on 
less fuel- than other aircraft in the und^r-W-mph class 

, (3) Efficient operation ^ « . " j,* 

(4) Very versati1e--many^ uses ^ - 

(5) Relatively short takeoff afid landing rolls L 

(6) "fast acceleration 

g. Heat and cooling 

(1) Heat from the fuel mixture fuming is the source of power 

(a) Pne-thiVd of the heat produced in the cylinder pushes 
the piston down for power to turn the propeller' 

(b) About one-third of the heat produced goes out through 
the exhaust system 

!c) The remaining one-third of the heat goes into the wall 
and lubricating oil and must be removed very rapidly 
or it will destroy the engine 

K Heat is removed from the cylinder wall by the 
following means: 

• a. Air cooled (Fig 13, p 31) 

b. Liquid cooled (Fig 14, p 32) 

11-13 
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h. Construction materials for reciprocating engines 

(1) Cylinder head— aluminCim (forged or cast) 

(2) Cylinder— steel' (high-grade alloy) 

(3) P.iston— aluminum (forged or cast) ' - 

(4) Connecting rod— steel 

( 5) Crankshaft— chromi urn steel 

(C) Valves' ; 

(a) Intake--solid tungsten or chromium steel 

(b) Exhaust— hollow tungsten or chromium steel. The 
hollow parfis filled with a salt solution of 

■ metallic sodium. 

3. ORIENTATION: ^ - 

Ve h9V& completed an overview of the history of powered flight. 
- The rest. of this unit we ape concerned with the aircraft powerplants 
in use today and what is being developed for tomorrow. In this 
chapter we will study the basic principles of the reciprocating 
engine which represents the vast majority of the aircraft powerplants 
fqr general aviation and is still a strong backbone for the military 
and some commercial airlines. The principle of converting heat 
energy into mechanical energy, that we cover in this chapter, applies 
to most 'of our aircraft engines for the foreseeable' future. 

4. SUGGESTED KEY POINTS: 

a. . The influence and importance of the reciprocating 

engine cannot be minimized when 'we realize that morfe 
than ninety percent of all general aviation aircraft 
use it. broad understanding of the principles and 
mechanics of this type of engine is necessary. , 

b. Basic components of the mechanical system of recipro- 
*** V-9002, citing engines are similar regardless of their design. 

pp 169-179 The components and their function should be combined 

** V-9005 for class "presentati on. The cylinder or combustion . 

(1966 ed.), chamber is where the action is. It contains the 
pp 38-45 : . piston which is a sliding plug, in the cylinder, that 

*** V-9131, captures 'the energy of the. rapidly expanding gases 

pp 3-15 and starts the conversion of heat to mechanical energy. 

* V-9140, The steps necessary to make this conversion are: 
pp 254-255 . ^ 
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(1) The intake stroke consists of the piston being 
*** V*9156, . pulled down while the intake valve is open to 

- pp 58-67 draw tlia^air-fuel mixtiire into the cylinder 

** V-9187, ' ^ . - ^ 

EO-pp 1-3 (2)' The intake and exhaust valves are closed by the, . 
^ camshaft-controlled rocker arms as the piston 

. . moves^p in the cylinder to compress the air-fuel 

mixture 

(3) As the piston approaches the top of the cylinder, 
the spark plug "soarks/* Ignititig the fuel mixture 
which expands maHy times to push* the piston down 
to ni9ke the power stroke ' 

(4) The piston moves up the cy Tinder with the exhaust 
valve open to force the |)y-products-of, combustion 
,out of tha combustion chamber and prepare it for 
the, next cycle. The connecting rod and the c/ank- 
shaft combine with the piston to change the up and? 
down motion to circular motion which turns. tfie 
propeller. ' / 

c. The diesel engine is discussed briefly in relation to 
its utiliz^itipn as an aircraft engine. Up to now the 



V-9I3K diesel 
P 8 Some of 



engine's disadvantages ^outweigh its advantages. 
■ the diesel's problems ^re its initial cost, 
the weight to power ratio and the lag in response to 
the pilot's demand for more power. Some of the advan- 
tages of the diesel are more power per cylinder, it is 
a more durable engine, and the fuel is less expensive. 
A major plus ^factor would be that the fuel will not . - 
explode under normal crash circumstances. 

d. The types of reciprocating engines and their advantages 
and limitations should be explained. Reciprocating 
engines are identified by the arrangement of the cylin- 
ders and how the^cylinders are cooled. Smaller engines 
(less than 300 horsepower) are .usually air cooled and 
in some form of row-type arrangement of cylinders. The 
rf-9002. > names describe the engine's shape or appearance. The 
pp 169-171_^^ upright has the cylinders above the crankcase. The 
V-91j1, ^ \ inverted has the cylinders below the crankcase. The 
'pp 16-20 liorizontal opposed has two rpws of cylinders laying 
V-9161, on, their sides using a commoh crankshaft in between. 

Chap 2, The V and X s+iaped blocl^ hdve the cylinders in rows 

pp '26-28 ^ V in the shape of a V or X using a single crankshaft 
V-9171, common to all the banks of cylinders. The non-radial 

pp 36-39 engines may be either air or liquid cooled. The air 
cooled are usually preferred because they are less 
expensive in their initial cost and are less complicated 
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* V-9002, 
■pp 184-186 
*** V-9013, 

pp 145-148 
*** V-9131,. 
pp 20-22 
V-9166, 
p 89 . 
** V-9171 , 
pp 164-184 



** 



to Service. The radial engine is always air-cooled 
and has its cylinders arranged in a circle around a 
one crank crankshaft. For more power the radial 
engines may be lined up ifi banks Hi connected to the 
,same crankshaft. The radial engine is preferred for • 
aii^eraft with poWer requirements of more than 300 
horsepower. 

# « • 

e, . Performance features of reciprocating engines intlu^le 

economy of initial cosf of aircraft and economy of 
operation. The reciprocating-engine Is very efficient 
and versatile. It 'does not need as long a runway for 
'takeoffs and landings. The acceleration response Is 
veV^y fast. 

f. Heat from the fuel mixture burning is the source of 
power. However, only* about one third of the heat 
prpduced pushes the piston down for power to turn the 
propeller. About one-third of the heat produced goes 
out through the exhaust system. The remaining one- 
third of the heat goes into the cylinder wall and 
lubricating oil and must be removed very rapidly or 
it wilt destroy the engine. Heat is removed from the 
cylinder wall by two means,- liquid and air. Some 
•larger (over 300 horsepower) in-line engines are 
designed for liquid cooling. The outside .cyl inder 
wall forms the innel^ wall of the water jacket that 
holds the liquid (usually ethylene glycol) that takes 
the heat outs of t\xe cylinder and transports it to a 
radiator. Air moving through the radiator dissipates 
the heat from the liquid. The liquid cooled engitie 
is not popular with aircraft builders, because it is 
more costly to build, more .compl icated to maintain, 
heayier for the same power output and in combat it 
is more easily disabled. The air cooled engine is the 
most popular of the reciprocating engines for aircraft 
because it is lighter than comparable powered liquid 
cooled engines. It is less expensive' to build an4 
maintain. The cooling system^ is composed of oaffles, 
fins, and flanges attached so* that air may be directed 
around the cylinders to dissipate the heat. Larger 
engines require a cowling so that the pilot can con- 
trol the rate of cooling for the cylinder head to 
obtain the ide^l operating temperature. The'cpwling 
encloses .the engfne. The cowl flaps are opened and 
closed to control the air flow aroundt the cylinders. 
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g. Several construction materials are used in recipro- 
cating engines. Aluminum (forged or cast) forms the 
V-9002, • cylinder head and piston. The cylinder wall is 
pp 171-176 usually a high grade steel alloy. The connecting 
V-9171, rod ts made of steel while the crankshaft, because 
pp 47-71 of the stresses it must be able to stand, is made of 
chrome steel. The valves may be- made of either 
tungsten or chrome steel. The intake valve, is solid 
while the exhaust valve is hollow. The hollow par 
of the exhaust valve is filled with a salt solutigih 
of metal 1 ic sodium. , 



SUGGESTIONS FOR TEACHING: 
a. Suggested time: 3-5-7 



b. With a subject as technical as/reciprocating engines, 
instructor will need extensive audio-visual aids-. Thj6 
could be introduced to this chapter by showing the filt 
o1^ Automobile Engines." Th6 film could be followed /Wi 
discussion stimulated by asking about the engines In the 

. the students drive or ride in. Compare the requirements 
make their cars go witfv'the requirements to make an aii ' 
go.. Wall charts and transparencies should be availabli 
illustrate the key pbints that are discussed. >1odels/of engines 
or actual gasoline engines from model planes or lawn/mowers 
could be used for demonstration. Many of these materials to 
show how an engine operates could be obtained from/an automotive 
shop instructoTj a physics "instructar or i driveryfeducation 
instructor. \^ I 

c. Other instryctional approaches include (1) have/the more 
advanced students help instruct the slower studtmts; (2) student 
reoorts frpm students who have repaired their/own automobiles; 
(3) book reoorts on the two books listed at the end of this 
section; (4) brainstorm how reciprocating engines influence our 
livess and (5) written or oral reports on how races such as the 

. Indianapolis 500 have benefitted propulsion research. The films 
listed below can be used for Chapter 3, ^especially if they 
arrive late.- 




d. Textbook corrections; 



(1) Page, 25, paragraph 4— Rudolph Diesel should have been 
bold faced. 

(2) Page 32, Fig 14-, line 3-cylinders misspelled. . ^ 
e. Student assignment: read pages 19-35. 
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6. INSTRUCTIONAL AIDS: 
ah. Films: 

General Motors Corp., Public' Relations Film Library, • 
•3044 W. Grand Blvd., Detroit, Michigan 48202 (borrower pays 
return postage) 

(1) ABC of Automobile Engines, 21 min,' color. 

(2) , Where Mileage Begins, 19 min, color, 1961. 

(3) ABC of the Diesel Engine, ZO min, color,' 1950. 

b. Transfrarencies: 
'V-T020 Four Sthoke Cycle Engine Operation 

c. Slides : 

"V-OOSe Power for Aircraft, slides 8, 9,- 24-28 
PROJECTS: " , " 

,a Obtain a discarded lawn mower or motor bike engine and allow 
or encourage some students 'to take the engine apart (clean it) 
so that all of the Class can handle the parts; identify what 
the parts afe and what they do.^ ' 

b. Arrange with the automotives, instructor for a display of different 
types .of autoiengines , such as -an air cooled VW engine, four 
cylinder, six/ cylinder in-line, and a V-8 engine. Perhaps a 
student -coul (I brjng in an aiitpmobile with a Wankel engine. 

yC*range for/a field tri'p/ta a nearby Air Force Base maintenance 
/sho'p, or t;o an airport maintenance, shop*. V 

d/ 'Organize a tune-up woj^kshop for your* school. 

A. Make ii propulsion systems poster showing Snby6py with his 
■ SopwithVcamel- 

8{ FURTHe/ READING: 

< a. y^-9yjgf Ri ckenb^cker . 

^ckey, Philij^^,-«l. The Liberty, Engine.. 1918-1942 . -> 
Smithsonian Annals of Flight, VoU I, No. 3, Washington, D.C.: 
Sn/ithsonianAnstitute PVess, 1968, ' 
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IDEAS FOR IMPROVEMENT OF THE TEXTBOOK AND/OR INSTRUCTOR'S GUIDE 
AND TEACHING TECHNIQUES MOST EFFECTIVE FOR THIS CHAPTER. 
TO BE COMPILED AT END OF TEXT AND SENT TO JRC 

PROPULSION SYSTEMS 
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CHAPTER III - OTHER ENGINE SYSTEMS 



This chapter includes systems other than the mechanical and cooling 
systems whtch make up the complete reciprocating engine. Included 
is a- study of flel , ignition,- and lub^ricating systems and a brief 
consideration of magnetism and electricity in engine iofivitlon. 
There is a section on propellers and carburetor?, and^ow these 
components work together to produce power to -operate an aircraft. 
This chapter will lay the groundwork for a comparison of recipro- 
cating engines with various reaction engine^ discussed in later 
chapters. 

OBJECTIVES: . * 

a.' Traditional Objectives - Each student should: 

(1) Know the basic operatioi>..of the fuel (carburetor), electrical, 
ahd lubricating systems that complement the mechanical 
system of the reciprocating engine;' 

•(2) Know at least three main parts of a propeller. 

(3) Xnow at least two ways that the forces acting on a propeller 
in flight can be changed by the pilot. 



b. Behavioral Objectives - Each student should be able to: 

(1) Outline the basic operation of the fuel (carburetion) 
electrical , and lubricating systems -that complement the 
mechanical system of thjs reciprocating engine. 

(2) Describe at least three main parts of, a propeller. 

(3) Discuss at least two ways in which the forces acting on 
a propeller can be ch^ged by the pilot., 

SUGGESTED OUTLINE: 1 

a. The system within a reciprocating engine 

b. The advantages of petrol eurfi-based fuel in aviation 
c The carburetor «^nd its function 

(1) Method of measuring fuel and air 

(2) Accessories for the system ' " ^- 
' (3) Downdraft carbu'ret6rs 

, (4) Pressure injection carburetors 

11-1924 
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TKe supercharger 
Fuel injection systems 

(1) Mass airflow type 

(2) Intake metering type 
Electrical system 

(*1)^ Magnetism and electricity 

(2) ignition system 

(a) Magneto 

(b) Condenser * 

(c) Distributor 

(d) Sparkplug 

(3) .Qpera^on of starting system 



(a) Indirect starting - / ^ 

(b) Pirect starting . 
The lubricatinci system and its function 

(1) The wet sump. 

(2) The dry sump 

The pro]Deller provides lift and thrust for the aircraft 

(1) Parts, of the propeller ' ' 

(2) Propeller motion 

(3) Forces that act on a- propeller in flight 

(4) Types of propellers 

(:5) Reversing and feathering 
(6) Limitations on propeller use 
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3. ORIENTATION: 

/ 

The previous chapter explained t^e operation of the mechanical 
• system of the reciprocating engine. This is but one part of the 
whole engine. The other systems necessary, to allow the aircraft 
engine to perform its mission of.moving the aircraft will now be 
examined. Even though the jet propulsion system is extremely 
popular, there are many planes that still use tti^ older, but useful, 
reciprocating engine. As we discussed earlier, general aviation 
aircraft use mainly the reciprocating engine. It is necessary to 
learn the function' of the fuel system, lubrication system, ignition, 
carburetor and propeller in order to understand the part they play 
in the operation of a reciprocating engine. Future chapters will 
show that some of these systems are part af jjet engines as well. 

4. SUGGESTED* KEY POINTS: 



ERIC 
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a. The last chapter completed the study of the structural 
V-9005, or mechanical system of the engine. This system alone 

pp 42-47 cannot furnish power to keep the aircraft flyifig. 
V-9156, Systems such as the fuel system (including carburetor), 

pp 67-79 lubrication system, ignition system, and propeller 
system jnu St ifcork together In order to furnish the 
power necessary to move ahMtrplane and keep it 
flying. 

\b. The engine without fuel cannot work. What pro(?erties 
V^9131, should a fuel have? It should burn easily at low 

pp 136-144 temperature but not too easily. It should have a high 
V-9171, heat or energy content and be easy to store. The fuel 

pp 142-146 should not freeze at low temperatureis or boil at high 
temperatures. There must be ease of storage, purity 
and a reasonable price. Aviation gasoline fulfills 
these requirements. < 

^ " c. The fuel system consisting of tanks, lines and pumps 

*** V-9002, along with gauges exists for the purpose of delivering 

pp 187-190 gasoline to the carburetor. The carburetor is a . 
* V-9005, device to provide a combustible mixture of fuel and 

p 43 air necessary for the operation of the engine. 

V-9013, 
pp 148-151 
V-9131, 
pp 63, 7^-73, 
76, 80, 87, 

144 ' . 

*** V-9161, Chap 2, 
pp 40-48 
V-9171, 
pp 108^190 
V-91 ' 

EO-P& 4-10 
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*** V-9171, 
pp 186-188 



(1) Gasloine wilY burn in a cylinder if mixed with 
air In a r^tio between 8 parts of air to 1 part 
of fuel and 18 parts of air to 1 part of f^ueK 
'In fuel -air mixtures, the* proportions are ex- 
pressed on the •basis of weight because a ratio 
based on volumes would be inaccurate due to varia 
tions In temperature and pressure. 

(2) The carburetor also has aciie^sories. 



V-9131, 
pp 71-76 
V-9171, 
pp 199-210 



*** 



V-9005 

(1971 edj, 

pp 45-46 

V-9131, 

pp 64-7r, 76, 

87-88 



**^V-9002, 
p\> 183-184 
V-<5131, 
p 97 



**,V-9171, 
. . pp 230-238 



las accessories > An econo- 
mizer supplies and re^guTates the fuel for all 
speeds above cruising speeds The accelerating 
system prevents a lag In the flow of fuel as the 
result of sudden acceleration^ The mixture control 
system' provides for changing the fuel-air ratio 
during flight. The carburetor heater warms the 
^gas at high altitudes and prevents icing .In p\e 
- carburetor. ^ 

(3) The updraft carburetor is, theieast desirable of 
the various types and Is being replaced by the 
downdraft of which there are many types. The 
downdraft float Is similar to the updraft float 
carburetor In operation e)^cept the flow of air • 
Is down rather than up, and It Is considered to 
be safer. The pressure Injection carburetor is 
a radical departure from float type designs. It 
meters the fuel through fixed orifices according 
to air venturl suction c*6mb1ned with the new func- 
tion of atomizing the fuel spray under positive 
fuel pressure. 

The supercharger Is a blower or set bt blowers which 
increase the quantity of air (or fuel /air mixture) % 
'entering the engine cylinders. Originally the super- L. 
charger was developed for the sole purpose of Increasing 
the^ density of the air taken Into the engine cyltnders 
at high altitudes to obtain the maximum power output. 
However It Is now possible to operate a supercharger at 
low altitudes to increase the charge density above the^ 
normal atmospheric pressure' and therefore^^lncrease the 
power output of the engine. 

Fuel injection Is the Introduction of fuel or fuel/air 
mixture into the Induction system of an engine or loto 
the combustion chamber of each cylinder by means of a 
pressure source. The usual 4) res surje "source is an Injec- 
tion pumf) which may be anj\^one of several types. The 
mass airflow injection systi^, used on large aircraft, l 
responds to the engine's demands, at any given time, for 
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fuel to match the air intake. The intake metering 
system, used on smaller aircraft, features a mechani- 
cal fuel control that responds to^the pilot's manipu- 
lation of the throttle control^^ith fuel injection 
there is more freedom from icii^Vi^orp uniform delivery 
of fuel /air mixture to each, cylinder, an increased 
efficiency of the^englne and a reduction in maintenance 
problems. 




f. The electriw ^^rstem of the aircraft engine provides ^ 
the spark that ignites the fuel/air mixture in the '^^ 
cylinder for the operation of the epgine. This pro-^. 
. ^ cess involves the production of e^tricity by the 

magneto. 

(1) Magnetism and electricity are forces with both 
^ similarities ands differences. Although we do not 
*** V-9131, . * understand these forces completely, we know how 

pp 200-202,' to use them for our purposes. .Electricity involves 

20.6-209 the movement of electrons through a conductor, 

** V-9171,^ brought about by ionization of the conductor's 

pp 242-243, atoms. The electromotive force causing this ioni- 

'255-265, zation and movement may be applied chemically or 

272 by electromagnetic induction. Magnetic attraction 

■ ( or repulsion acts in lines of magnetic flux, which 

occur in the space around the magnet (the magnetic 
field). Each line of flux forms a complete circuit ^ 
through the magnet. Electromagnetism is the induc- 
" tion of electricity through the use of magnetism. 
For the phenomenon of electromagnetic induction to 
occur, a conductor must cut through the magnet's 
lines of flux. 

# 

' (2) The ignition system includes the magneto, condenser, 
distributor, and spark plugs. A magneto, basically 
** V-9002, a rotating four pole magnet, is aided in the buildup 

pp 190-191 of current in the primary coil through the use of a 

** V-9131, condenser which temporarily stores electricity. 

pp 232-237 The ratio between the distributor gear and the 

** V-917r, magneto gear is such that the' distributor finger 

pp 307-310 (rotor) is driven at one-half engine-crankshaft 

1 speed.' This ratio Insures the proper and timely 

• distribution of high tension current to the spark 
1 plugs at the right time. The spark plug is a device 

that converts the high-voltage pulses from the mag- 
' neto into heat ene'rgy which ignites the air- fuel 
mixture in the engine cylinders. 
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** V-9131, 
p 273 



** V-9002, 

pp 193-197 
* V-9005, 
p 42 
V-9131, 
pp 186-ia7, 
193-195 
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(3) The Starting system applies mechanical energy • 
to rotate the crankshaft and magneto. The 
magneto then generates the spark necessary to • 
ignite the fuel-air which has been compressed 
by the action of the crankshaft and piston. 
Basically, there are two types of starters in 
the reciprocating engine. The firs't fs the 
Ihertlal .starter which may be handcraTiked or • 
electrically operated. Whether operated by an 
ictric motor or by hand-turning, energy is 
bored in a flywheel. ^ When this flywheel is 
engaged, the mechanical* energy then rotates the 
crankshaft and starts the engine/ The second 
type is the direct starter which is hand or 
electrically operated. A series of gears 
increase tfile^^ motion produced by hand- 
crankin>^^hat the engine can start. In the 
electrfc type, the hand crank is replaced with 
an electric motor which, supplies the necessary 
rotary motion to start the engine; 

The aircraft engine has mapy parts which move back and 
forth (reciprocate) or rotate. To reduce friction and- 
insure the ease of movement of the varfous parts 
against each^othei^, a lubrication system is necessary. 
The lubrication system must supply the proper amount 
of oil to the engine at the correct pressure in order 
to provide adequate lubrication and ^cooling for all 
moving parts of the engine. This lubrication is dis- 
tributed to the various parts of the engine by either 
pressure, splash or a combination of pressure and 
splash methods. Pressure lubrication is the principle 
method of lubrication in most aircraft engine systems. 

(1) The wet sump system in the airplane is very 
similar to the lubrication system in your auto- 
mobile. It has an oil pan or wet sump pan on the 
bottom of the engine where the oil is stored. A 
pressure pump' forces the oil through openings in 
the engine to all parts and the unused oil is 
collected in^the'sump. Through the splash method 
tire main bearings and, rod bearings are oiled. 
Gravity brings the oil back to the sump. 

(2) The dry sump is similar except the' oil is stored 
in a separate tank outside of the engine. The 
oil not used in operation of the engine is picked 
up by a scavenger pump and returned to the oil 
Storage tank. 



n-24 



4 



SEPTEMBER 1973 

h. The purpose of the propeller is to niove the airplane 
through the air. It does this by means of the thrust 
** V-9002, Obtained by the action of the rotating blades on the 

pp 193-197 air. The thrust developed by the propeller is in 
** V-9131, accordance with Newton's Third Law of Motion: for ' 

pp 348, every action, there is an equal and opposite reaction 

353-354 and the two are directed along the same st/aight line. 
*** V-9156, The propeller pushes air to the rear, and reaction to 

pp 88-93 that push causes the plane to move forward, 
*** V-9171 , 

pp 485-490 (1) The propeller consists of the leading edge, 

trailing edge, back ^ face, hut, butt, shank-, and 
tip. 

(2) The propeller turns in an arc perpendicular to 
the crankshaft, in an area called its plane of 
rotatipn^ The propeller's effective pitch is 
the actU^ distance the airpUne moves forward 
during"^^ie revolution (360 degrees) of the 
propeller in flight. 

(3) The three for^gs acting on the propeller are: 
^the bending stresses' indliced by the thrust 'forces 

*** v-9131, as a result by the forward motion of the airplane 

pp 354-355 ' tensile stresses caused by centrifugal force 

tending to throw the blade out from the hub; and, 
torsional stresses which are twisting effects 
produced in rotating propeller blades- by air- 
reaction on the Wades'and by centrifugal fdrce. 

(4) Propellers come in four types: 

. (a) Fixed pitch propellers have unmovabTe blades 

(b) Adjustable pitch propellers have blades 
whose angles may be varied--while the engine 
is stopped--to fit the job, froiti speed to 
power. ' 

(c) Controllable pitch propellers are so built 
that the pilot can change the pitch of their 
blades while in flight. 

(d) Constant speed propellers adjust their own 
pitch automatically according to engine 
power. 

(5) The propellers on most big planes have a capa- 
bility for feathering and for reversing pitch. 



SEPTEMBER 1973 



Feathering is the ability to rotate the edge 
of the propeller into the wind, thereby stream-^ 
lining it, and stop its rotation. Reversible 
pitch propellers allow the pilot to reverse the 
position of the blades so th^t a nega.tive thrust 
is protjuced whidh tends/- to pull the airplane in 
a\reverse direction. , • 

(6) No propeller is 100 percerft efficient since alV 
. * ' of the power of the engine cannot be transmitted 

Ifco the propeller. The mast efficient propellers 
Use something under 90 percent of , the available 
energy. Also, efficiency declines rapidly \after, 
the speed of the tip end of the propeller reaches 
. the speed of sound. Thi^s tip spaed limitation 

is the major reason that propeller-driven air- . 
• craft cannot move at supersonic speed. 

5. SUGGESTIONS FOR TEACHING: / 

a. suggested time: 4-6-8 * ' 

b. A highly technical subject such as this/is not t^o conducive 
to the lecture method. Better approacnes wauW be. the guided 
discussion or seminar method in whicMHanicinstructional aids , 

' are used. The more the student is exposed to the various facets 
of the topics in this chapter, the. more he will learn. If pps- 
sible additlpniT aids^ besides-^the ones already provided, such, 
as mpcklips, etc,, should be obtained. At any rate, adjust the 
level of instructipn to the capabilities and interests of your , 
students/. - ' 

c. It IS possi'ble in many instances to correlate the engine of 
the fam1ly*s car-with the reciprocating engine of the airplane. 
Because they basically contain the same major systems and 
operate in ft similar manner, this approach should enhat^ce the 
class material . . ^ , 

d. You may find that you are unable to .cover this material in the 
recoimended time. There is sufficient flexibility in the - 
curriculum so that you can adjust up or down as .necessary. 

• The Ijroad range of subjects in fhis chapfter. can prove'^to be a 
real challenge. One method might be to divide the class into 
small groups with each group researching one system such as 
carburetors, ignition, propellers, etc., and then reporting back 
to the class. Special reports might be for such areas as fuels, 
octane ratings, the effect of emission controls, dieseling, the 
importance of tune-ups, the effect of speed 9n efficiency, etc. 
The automotive and physics instructors may have some excellent 
ideas on simplified ways to explafn the various engine systems. 



, 11-26 

ERIC .81 

hminniiinrfTnaaa 



SEPTEMBER 1973 



fextbook corrections: 



(1) Page 48, paragraph 5~idling jet $hould have been bold 
faced.* 

' *' * ^ 

(2) Page -60, paragraph 3, line 7— change to lines of flux/ 

(3) Page 62, paragrciph 3, line. 5— remove comma after magnets, 

(4) Page 65, Figure 35-~in*the figure itself change breaking 
to breaker. ' ; 

(5) Page .77, Figure 43, line lAchange trust to thrust. 
Student assignment: read pages 37-83. 
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6. INSTRUCTIONAL AIDS: 

Films: 

(1) TFl-0136 Aircraft Engines, Elements of Electricity- as 
Applie^ to Ignition Systems, 28 min, B&W, 1941. 

(2) TF.1-5274 "Carburetor— Principles of Operation, 23 min, B&W, 
1957. 

b'. Transparencies: 

V-1002 B>avity lype Fuel System 

c- Slides: 

V-0086 Power for Aircraft;, si ides 2-3, 11-23, 29-31 

7. PROJECTS: j 

a. ^onst^ruct a schematic of the various Systems. 

b. Find out if any of the students possess models of aircraft! with 
^ : moveable pitch propellers. If so, they may want to explain and 

demonstrate how a- propeller may be feathered, pitch reversed 
during landing, or controlled in flight. A rubber band model 
airplane could be used to illustrate the operation of a /propeller. 
Perhaps an actual propeller could be obtained. , / 

c. Have a student demonstrate how to change points, i^vgs/, condenser,* 
rotor, etc. ' ' j ' 

d. Have students demonstrate magnetism using iron filings on a 
paper. 7 

e. Take a field trip to an aircraft manufacturing plant', an auto- 
mobile manufacturing plant, or a company that makes /parts for 
one or more of the systems studied. 1 f 

f. Have your students prepare a class briefing on how/proper^tune-ups 
and dflving/flying techniques save'fuel. Give th^ report before 
a school assembly. 

* 

8. FURTHER READING: 
ci. CAP Text, Power for Aircraft . 

b. FAA, "VfR Pilot Exam-O-Gram No. 38." 

c. V-9166, Private Pilots Handbook of Aeronautical KnowTedge . 
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IDEAS FOR' IMPROVEMENT OF THE TEXTBOOK AND/OR INSTRUCTOR'S GUIDE 
AND TEACHING TECHNIQUES MOST EFFECTIVE FOR THIS CHAPTER. 
TO BE COMPILED AT END OF TEXT AND SENT TO JRC 
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CHAPTER IV - GAS TURBINES AND JET PROPULSION 

This chapter compares' jet and reciprocating engines and includes 
^.Jiscussion of their similarities and relative advantages. • The 
Jl'!?"^?* Jy?®! of jet engines are examined with particular emphasis 
on the turbojet. A brief description of helicopter propulsion sys- 
tems IS included, as is a discussion of environmental problems facing 
engine manufacturers.- 

1. OBJECTIVES: 

a. Traditional Objective^^- Each student should: 

(1) Know at least two operating principles of the jet engine 
andof the gas turbine enciifle. 

/' . , ^ ' 1 

• (2) Know how these principles are similat- to and different 
from those of the reciprocating engine. 

(3) Know at least one advantage of each of tTiese' engine types: - 
reciprocating, jet, aq^d rion-jet turbine. 

(4) Know the characteris/ic^ of ihe main types of jet and gas 
turbine engines.. / 

■ • ' 

b. 'Behavioral Objectives ^ch student should be able to: 

(1) Discuss at least, two operating principles of the jet 
engine and of the gas tu/'bine engine. 

(2) Dis-cuss at least two way^ in which the operating principles 
of the jet engine are different than or similar to those of 
the reciprocating engine. 

(3) Outline at least one advantage of each of these engine 
types: reciprocating, jet, and non-jet turbine. 

(4) Describe at least one characteristic for each of the main'- 
, types Of jet and gas turbine engines. ■ 
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a. Jetengine— a means of power (speed) 

(1) No propellers 

(2) High speeds 

b. Sections of the jet engine , - , ^ 

(1) Ram air duct 

(2) Compressor ^ . ' 

(3) Fuel Injection section - / 

(4) Gas turbine section * 

(5) Exhaust nozzle > 

. ' / ^ -x ' . 

c. Compare sections of jet^ engine, wi/th parts of reciprocating 
engine (four cycle) ' / 

Principle of operation—Newton 's\second and third law 

(y) Force equals mass times acceleration 
F = MA or A = F \ 

. (2) For every action there is an equal' and opposite reaction 
(3) Both engines gain power from moving air • 

(a) Jet--air through^ tube^ at high acceleration ^ 

(b) Reciprocating— uncon fined air 

e. Present jet engine types 

/ " \ \ • ' 

(1) Ramjet , ' • ^ , 

(a) Structure— fuel nozzles with fuel urideir pressure and 
ignition by sp^ark 0 guitar) plugs \ 

^ • 

(b) Use of flame holder (blocking loss of flame and force) 

(c) Used only above approximately 250 mph 

(d) No limitations of speed up to mach 5 



11 -30 



f 

'SEPTEMBER 1973 



v., 



(e) Ramjet is used in niissiles\'' . 

h BOMARC surface, to air interceptor (now oi)solete) 

2. Redhead/Roadrunner guided target missile (obsolete) 

(f) - Scramjet ' ' . ^ 

(2) Pulsejet (more co^iiplex than ramjet) ' - 
(a) Valves (open) are used to allow airNntake , 

' (b) Fuel injected 'in* combustion chambers 

(c) Valves (closed)fat ignition in combustipn chamber 

(d) . Pulsejets powered German V-1 missiles 
- (e)\ Limited speed-.-not too efficient 

(3) Turhojet (uses principles of ramjet and pulsejet) 

(a) •Combination of gas turbine and air Compressor operated 
/ by turbine j 

Set^ions of turbojet— compressor; combustion chamber; 
turbine; exhaust; 'afterbOrner 

Compressor s^tion . 

Rotor--series of moving blades / 

Z. Stator—stati.onary blades /that, straigh(en and 
direct airflow ' 

3. \^u^^U^i^^ / 
4^. ^-"^1 i t compress rs 

Ad) Combustion section 

h Use of less ^volatile fuel (kerosene) 
/ 2. Many combustion chambers--greater .cooling 

3, Crossover tubes connecting the combustion chambers 
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■ / 

(e) Turbine section 

• • • \ 

K Hot gas«s strike turbine wheel blades 

2. Very high temperatures are reached— 1500 degrees 
Fahrenheit 

2* High rpm— 1200 revolutions per minute 

4. Need for metals to withstand stress, pressure, 
and temperature 

(f) ^ Exhaust section. 

K Noz7le has an inner cone which straightens out 
th^ flow of gases as they leave the tailpipe 

2. Velocity of gases; For'ce = Mass times Velocity 
« 

(g) Afterburner— use is similar to a ram-jet to provide 
additional power ^ 

(h) Turbo jet--with or without afterburner, is the most 
widely used type of jet engine 

\ Turboprop eVigine 

(a) Increasingly popular forylow and intermediate speed 
(up to 400 mph) aircraft// ^ ^ 

^ / 

(b) Sections; propeller; aiv inlet; reduction gear; 
compressor; combustor; OHnpressor-drive turbine; 
propeller-drive turbine jAexhaust 

\ ' 

(c) Turbine powered propeller for power 

(d) Used quite extensively--comi^rcial airlines 
(5) Turbofan engine (bypass engine) 

(a) Movement of larger volumes of air at lower velocities- 
four times tftat of turbojet 

(b) Sections: intake, fan;, dual compressor; combustion 
chamber; high and low speed turbine; .exhaust 

, (c) Turbofan is capable of greater 'thrust for takeoff*, 
climbing and cruisirvg 
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Helicopters 

(1) May use either turbine (turboshaft) or reciprocating-engines 

(2) Large helicopters may have two engines 

Important systems and devices on jet aircraft 

(1) Accessory section houses median ical controls for operatioii 
of systems, including electric starter, generator, oil 
fuel pumps, hydraulic pumps, and other accessories 



(2) Starter systems , 

(a) Electrical starters 

(b) Air starters ^ 

(c) Gas turbine compressor \ 

(3) Fuel system controlson jets are complex 

(4) Lubrication system^ are simple 

(5) Water injection systems 

(6) Thrust reversers ^ 

(a,) Reverse thrust mukt be different on jets than 
propeller engines 

(b) Parachutes used for braking power ' ^ > 

j[. Not very, sa/isfactory because no pilot' control 
over amount of braking 

2^. Must be repacked after each use ^ ' 

(c) Mechanical thrus't reversers 

T. Reverse 'the airstream in bypass duct and exhaust 
\ nozzle 

2^. Reverse only exhaust gasies 

(7) Noise suppressors 

(a) Need .for reducing the noise of jet-powered a'i-fcraft 

*. (b) Exhaust noise 1s caused by high velocity jet stream 
moving through relatively quiet» still air 
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(c| Curbing these noises . 



1 ) By exhaust silencers whicf^ break up the exhaust 
~ stream into smaller streams- .\ 

^ 2. Through the use of acoustical materials 

(8) Pollution control ^ ' . " 

■ ' 

(a) Main pollutants are unburned hydrocarbons; carbon 
monoxide, and nitrogen ox'ides ' v 

(b) Hydrocarbons are the most visible but. the least 
dangerous aircraft-produced pollutants 

(c) Nitrogen oxides are instrumental in the production 
of poisonous photochemical smog, through their 
reactions with sunlight 

-(d)- Current methods of curtailing visible pollution 
increase the threat of invisible pollution 

3. ORIENTATION: . ^ 

The students will have some knowledge of the vari oilengines that 
will be discussed in this chapter. Since they have studied about 
the reciprocating engines in the previous chapter, it will be bene- 
ficial to start with a review.and bring in some of the limitations 
of a reciprocating engine. This will bring out some of the needs 
of developing and building jet engines. In this chapter we will be 
comparing the advantages of other types of engines, most of which 
are varying types of jet engines. Also, we will discover that the 
jet engine is not the best engine for all types of flight. 

4. ' SUGGESTED KEY POINTS: , ' ' / 

a. The jet engine and the reciprocating engine are similar 
because they have an intake, compression, power and 
** V-9002, exhaust section. However, the two engjnes differ quite 

pp 201, radically in mechanical operation. The jet has the 

206 advantages of higher speed and ability to fly at greater 

* V-9005, altitudes. The chief advantage of the reciprocating 

p 45 engine is its economy at low speeds and at low altitudes 

** V-913V, However, the jet engine differs from/the reciprocating 

pp 405-408 engine in that the flow of air is confined to its inner 
I chambers while in the reciproppiting engine it is not. 

Also, jet engines utilize smaller amounts of air with . 
, greater velocities. 
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b. The jet engine* depends op liewton's second and third 
. laws of motion for its operation. The second law 

states that a "force is eqUal to mass times accelera- 
tion. Oet thrust is equalXto the quantity (mass) of 
air multiplied by the accelWation. The third law 
states that for every actio^K there is Ian equal arjd 
opposite reaction. Thus, in a jet engjne, there is 
a force exerted opposite that created by the exha.ust 
as it leaves the tailpipe. 

c. A ramjet is a tube that is fitted with fuel nozzles 
.** V-9002, and spark plugs to start the combustion. A diffuser* 

pp 214-215 decreases the velocity of the incomragair, thereby 

** V-9005» increasing its pressure, The>amjit cannot operate 

pp 46-48 Below aoproximately 250 mph. Theoretically, the 

** V-9013, speed at1>^'ha|)le by the ramjet is unlimited since 

. pp 180-183 the faster Unravels the greater the thrust. Prac- 

* V-9140, tically, the speed limit is about mach 5. Ramjet 
p 257 engines were used in missiles such as the B'omarc, a 

** V-9156, surfaqe to air interceptor, and the Redhead/Roadrunner 

pp 98-99 guided target missile. B.oth missiles are now obsolete. 
.*** v-9171. The pulsejet engine is slightly more complex than the 

pp 562-564 ramjet, in that it has a grill of valves which open 

during intake and close during combustion. This cycle 
is repeated as pulses7~~T<was used in the German V-1 
' missiles, but Was not very pi^^ctical'artd is not used 

\ today. , \ 

• \ . * 

\ d. The turbojet is much more compleV than either a 'ramjet 

* V-9002, \ or a pulsejet since it is a combiWtion of a gas tur- 
pp 204-209y bine and an air compressor. The cpmpressor is composed 

** V-9005, \ of a rotor^ a stator, and a casing. The rotor. blades 
pp 47-50 \ increase the air velocity whi,ch in turn increases its 
*** V-9013, energy. This kinetic energy is converted to pressure 

pp 156-172 e^nergy by the stator. The compressed air then enters 
** V-9131, the combustion chamber, where it is mixed with the fuel 

pp 408-411 and ignited. About one-fourth of the air is used for 
** V-9140, combustion while the remainder is used for cooling pur- 

pp 255-257 poses. The spark plugs serve the combustion system only 
** V-9171, for the initial ignition and then, since air and fueV 

pp 565-572 are constantly being pumped in, the mixture burns con- 
tinuously. The hot g^ses from the combustion section 
enter the turbine section through a nozzle diaphragm 
which increases the velocity to about 2000 ft/sec. 
These gases then impart their energy to "the turbine 
causing it to rotate. The high temperatures in this 
section create extreme stresses on the turbine, but 
recent advances in metallurgy have helped to eliminate 
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/some of the problems encountered with heat, shock and 
centrifugal force. From the turbine sectipn, the very 
hd^t gases (1200 degrees Fahrenheit) enter the exhaust 
section.. The tail pipe shape is designed^ increase 
the velocity of these gases so that they produce the 
maximum thrust without cau.sing overhesiting of the 
engine. .As you may remember, thrust is equal to 
mass of th6 gases times their velocity. The after- " 
burner section acts as a small ramjet which increases 
the velocity of the gases even more, thus providing ^ 
additional 'thrust when maximum performance is needed. 

e. Two relatively recent turbine engines that are affecting 
V-9002, aviation today are the turboprop and turbofan. The 

pp 212-213 turboprop, or propjet, engine receives most of its thrusjt 

*** V-'9013, from the propeller driven by a gas turbine engine. This" 

pp 174-179 engine develops much more horsepowef^atj^a reciprocating 

** V-9131, engine. Since this engine is so powerful, a reduction 

pp 432-440, gear ffliis<be used to keep the propeller'5 tj^ speed below 

442-448 that of the speed of sound. The turbofan engi^ie was 

* V-9140, developed to use some of the advantages of the ^et as 

p 255 well its the turboprop and still not have the limitation 

** V-9171, of the propeller .speed. It is known by several rames: 

pp 572, turbofan, fan jet, bypass engine, and ducted fan engiae. 

578-583 Th6 turbofan engine moves four times as much air as the 

turbojet; this enables the engine to operate economically"^ 
at low speeds and low altitudes* It also can operate at 
^ high speeds and high altitudes. Buri>ing fuel in the fan- 
duct can double the normal thrust of the '^turbofan engine; 
this is similar t&^the ^afterburner used in turbojets. 

f. Helicopters are discussed in this section because of 
the growing use of tupbine engine's-i-called turboshaft 

* V-9135, engines— to power helicopters. -^Turboshaft engines 
pp 23-31 operate similarly to turboprop engines, transmitting 

** V-9156, . the turbine's force to the rotor through a set of 
pp 106-107 reduction gears. The gears change the plane of the 
spinning motion and also serve |o control rotor tip 
speed. Some high-performance helicopters feature short 
fixed wings in^addition to the rotor, or moving wing. 
The fixed wing allows the helicopter to attain greater 
speeds than would be possible without it. Rotor torque 
may be overcome by means of a tail rotor or, if two 
engines are used, by counter- rotating rotors. 

g. There are a number of important syst^s on jet engines 
** V-9002 > that are not discussed at any great length in this book,' 

pp 210-211 but which should be mentioned. Controls for some of 
V-9131, these systems are lumped together in the engine's acces- 

pp 424-425 sory section. Jet engines -hav6 starters, but they 
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requiire so much power to get the engine started that 
an outside power source nornially operates the plant's 
starter motor. Jet eogine^fuel systems are comple^ 
being^influenced by iiirflow, pressures within- they 
engine, tailpipe tertperatures , and fuel/air mixt)«re 
ratios. Lubrication of the j\et is relatively simple, 
with oil being directed specifically at stress points. 
The water infection system increases mass flow through 
the engine aid, by lowering tailpipe temperatures, 
increases fuel flow. The speed of jet aircraft created 
a need for llooger runways for landing. P&rachutes were 
first usedyto reduce the required length j Later, thrust 
reversers/ w the engine were developed to slow the jet 
guickly witn little use of the brakes. Objectionable 
noises pfodUced by the high velocity exhaust gases have 
been reduced by addition of, exhaust silencers and the 
use of acoustical materials in building the engines. 
Noise suppressors divide the large exhaust streams into 
smaller ones which have a higher frequency so few people 
can hear them. Jet engine pollutioa comes in several 
fprms, most noticeably smoke caused by unburned hydro- 
carbons. Efforts to solve the smoke problem have been 
successful, but have tended to increase the mor^ serious 
but less visible forms of pollution: poisonous gases 
. such as carbon monoxide and nitrogen oxides. Research 
\\continues and there, has been sottie progress in controlling 
visible find invisible air pollution from aircraft engines. 



5. SUGGESTIONS fOR TEACHING: 



a. Suggested time: 3-5-7 

r 

b. The chapter can be introduced by reviewing briefly the main 
points about the reciprocating engine and listing some of itsx 
limitations. This will suggest some of the advantages that jet 
engines could have over the reciprocating engine. A class dis- 
cussion could then point out the advantages ar>d disadvantages 
of each *ype of engine in relation to a particular mission. 
Economy, range, carrying capacity, etc., could be discussed to 
dete^'^ine if one type would be Better than another. A class 
debate about the reUtive merits and usefulness' of the two 
kfnds of engines might provide a welcome change of pace. 

« 

X. It would be helpful to ask the students to bring to class whole . 
or cutaway models of the various engines that they might have. 
The students could make a chart using columns for the four 
types of^jet engines, the turboprop engine, and the reciprocating 
engine. With the horizontal rows, use the types of performances 
th^t can be obtained by an aircraft having that type of engine. 
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d. Since there is a large amount of information in this chapter 
which does not need to be covered in great depth, a lecture 
with a question and answer period might be appropriate. Be 
sure to contrast the various types of engines so that the 
student begins to see that each type can be used for a par- 
ticular situation. Of course, certain types are more flexible 
than others and have been used more widely. 

e. It would be quite easy to expand this section into rocket pro- 
pulsion. We recommend you resist thjs temptation as that part 
of the curriculum is adequately covered in AE-I and AE-III>. 
While its true that rockets can be used in the atmosphere, they 
do not require atmospheric oxygeft>niaking this artificial cut-off 
point a logical approach. The tbeory\Of helicopter flight will 
be covered in Theory of Aircraft Flighty while noise suppression 

, will be discussed again in- Civil Aviatioq and Facilities . The 
' main points here ar^ that students recognize that helicoptfer 
flight applies the ^^e principles anfl ^laws as thpse governing 
-aircraft' flight andUhe main eeological objections to aircraft 
f1i^ stem from tfji^missions from their powerpl ants— therefore 
it i$\uite appropnaM to expand the ecology \spect if you so 
desire. Be sure your cadets understand, that aircraft pollution 
is relatively insignificant compared to automojbile pollution. A 
-student report on^this co\cept might be effective 

f. Textbook correc^ons: 

(1) Page 112, Figure 64--oilVlihe from 3 to 4 should be blue. 

(2) Page 115, paragraph 1, line 4--de1ete "moving".^ 



Student assignment: read pages 



85-120. 
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6. INSTRUCTIONAL AIDS: 

a. Films: ^ . 

(1) usaf' ^ , 

(a) Tf 1-5364 An Introduction to »}et Engines, ll3 min, 
4:olor, 1960. 

(b) TP 5628. The J-57 Afterburner Engine, Z^ilin, color, 
1964. ^ . . ' 

I - * 

j (c) Tf 5750 T-39 iFuel System. 7 min, color,' ip66. 

(2) Lockheed-^Georgia Sompany \ « 
Motion Picture Film Library , (use letterhead- \ 
Zone 30, B-2 81 dg ^stationery, Sorrower \ 
Marietta,; GA 30060 pays return postage) ' 

Engine parting Procedure, 19-1/2 min, color, 19591 
(C130A propjet) / \ ■■ ■ 

(3) Gehera'l Motors (see Chapter 2)' ' • f • 
(a) A8C of Jet Propulsion, 17 min, color, 1954. \ 

■ (b) Air Pollution in Perspective, 25 min, color, 1971. 

(c) No Time to Waste, 14 min, color, 1971 (emission control). 

(4) ">ord Motor 'Co • . . ^ 

Film Library (use letterhead 

The Ameriddn' Road stationery, bbrrower 

Dearborn, Michigan 48121 pays return postage) 

Pleven Together, 25 min, color (emission control) ' J 

b. Transparencies: 

V-1038 Turbojet and Ramjet Engines 

c. Slides: 

V-0086 Power for Aircraft, slides 32-38 
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d. Film Strips: 



/ I 



Fi'lmstrips No. 3, "How HeliccTpters Fiy," and No. 4^^^ Power" 
\ from the JAM HANDY .filmstrip series Aircraft--Tb^TFPower and 
Control . These can be purchased individually ($15.00 each) or 
as a set, with cassettes (#JH5960FC, $90.00) or records 
• (#JH5960FR, $84.00) fromi Scott Education Division, 104 Lower 
'Westfield Road, Ho^yoke, MA 01040. ' 



7. PROJECTS: 




a. For a special project or independent study, a student or group 
of students can compare the operation of a four-stroke recipro-' 
eating engine to a particular type of jet propulsion engine.. 
The final presentation can be presented to the instructor as a 

search paper or oral report. Other reports of a similar 
rieiture are encouraged. 

b. Have a student find out how much fuel is burned during takeoff 
and landi5;§ delays and report this to the class. 

c. See things to do for Chapter 4. , . 
FURTHER READING: 

a. V-9110, Helicopters and Aut.ogiroi 



b. V-9135, Basic Helicopter Handboo k 

c. Current issues of >ilyiation Week and Space Technology 



\ 
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IDEAS FOR IMPROVEMENT OF THE TEXTBOOK AND/OR INSTRUCTOR'S GUIDE 
AND TEACHING TECHNIQUES MOST EFFECTIVE FOR tHIS CHAPTER. 
TO BE COMPILED AT END OF TEXT AND SENT TO JRC 

PROPULSION SYSTEMS - ' ' 
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■ CHAPTER V - SUMMARY: PROPULSION'S EVOLUTION 

\ ■ ~^-^\ 

ThVs chapter reviews developments fn t^he short history of powered 
flight, concentrating on th^ evolu'tionV)f jet '^rwpulsion. Using 
? examples of American events concurrent with European research 
milestones on the way iowar'd powered flight, some Tiistorical per- 
spective is shed on the long search for useful, power and its rela- 
tively recent success. Speculation is made on the direction of 
aircraft propulsionr development for the near future. 

1. OBJECTIVES: 

a. Traditional O^jectiVes - Each student should: 

[V] Know why American involvement in the search for aircraft 
/ propulsion systems was so long in coming. 

(2) Understand that progress in aviation propulsion did not stoj/ 
during the nation's preoccupation with space exploration. / 

/ (3) Know that the quest for^more powerful engines has been 

y . \ modified to an approach wfc(ere engines and aircraft are / 
/ designed for specific jobs:\^ 

(4) K^ow how ecologic, economic,^ and poYitical factors influef(ce 
fields of scientific and manufacturing endeavor. 

b. Behavioral Objectives.- Each student should be able to: 

(1) Discuss some of the'problems th^t occupied Americans. while 
Europeans sought to devfelop workable engines. 

^ (2) Summarize the progress in aircraft propulsion systems in 

the 1960's and 1970*s. v ^ 

(3.) List at least three airplanes now in use that have powerplants 
' specifically designed for them. 

(4); Outline how factors other thap scientific knowhow can 
^affect aircraft development. 
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SUGGESTED OUTLINE: 

a. Historical perspective , • 

(1) Europeans led in aviation research . 

(2) Americans made no sic(nificant contributions until the end 
of the nineteenth cen^tury . ' ,^ 

(3) American success b,ase(^ pn^European research 

b. ,Jet development 

(1) Europeans flew^irst jets' 

(2) Development of jits since 194||l 

(3) Military and commercial aircraft 
political influence on aviatfon 

(1) Ecological considerations . 

/ 

(a) T/adeoffs: speed and power vs need and environmental 
- considerations 

/ 7 / 

(b) /TKeSST 

(2) Economic considerations 

d.' Designing aircraft- for specific jobs" ^ ^ 

-ORIENTATION: 

This isummary is designed to give a practical and philosophical out- 
^look on the development of aircraft and aircraft propulsion systems* 
The development of such an outlook will enable the student to" under-, 
stand 'how and why aircraft-propulsion research has proceeded as it 
has and^here itMs going now. And to understand current events in 
the area of aircraft research and development, not only from a tech- 
ni.cal development perspective but from an appreciation of the politi- 
cal considerations. involved* why-'a project was discontinued, why 
another is favored, what these decisions portend for the short and • 
the long runT- The summary traces the evolution of propulsion plants, 
• specifically jet aircraft developments, and points a way for future 
developments. . ■ 
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4. SUGGESTED KEY POIHJS: 



/ 



a. 



c. 



Europeans led tjie way in ,the search fj&r successful aircraft 
powerplants. Until the end of the nineteenth century,. American 
concentration waSv.on nation building land nation .p'reserving, not 
on dreams Xike flying machines. Moreover, Europe had both a 
tradition of scientific research and-l-especially in England--the 
tools of the Industrial Revolution lorw before these blessings 
came to Ai)ierica's shores. When -Americans-could turn their atte 
fion to matter^ less urgent than survival, they' did succeed in 
developing engines and aircraft, but on a base of European 
research in theoj^y and materials. 

It is interesting to note that even after Americans succeeded 
in flyingx fir^t, aviation progress and interest was!, looted 
overwhelmTngly in Europe, not in America, and stayeU/there until 



Weld War'^'ll. German, Italian, and British ai 
.flew jet airplanes years before Americans did, 
American aircraft industry! assumed the lead af 
1944^ the United States has led the way in mo 
ments, although there are Exceptions: the s 
which we abandoned voluntarily, '^nd verti 
This trend has been true both in military/and 
aircraft development. 




imen/devel oped and 
the war-built 
the- war. Si\pci 
^aircraft develop' 
"son id transport, 
takeoff 'aircWaf^^ . 
commerci al jM\ i ' 



Politfcal considerations haye always ilayed a large part in 
American aviation. Government support of research and .develop- 
ment projects, for instance, and go^rnment contrslct^ f^ir air- •■ 
craft io.numbej's have been the spur that has kept marty aircraft 
manufactu>^dng companies moving. Attitude changes on thS^art 
of the public is reflected in cpr(gress1onal action, and the last 
several year^ have brought; somewhat reduced public support for 
aviation research. Ecological consciousness has been an 'influ- 
ence on this Change of attitudes. Mor^ ^ind more, the questions 
are being asked, Do we need this or is it designed for the benefit 
of the industry? _What will be the effects of a certain project 
in terms of air and noise pollution? Is tije benefit worth the 
costs? An example of the effectiveness of ^he^ questions is 
the American abandonment of the SST project, which would have ' 
beeij costly both, ecologically and economically. The subsonic 
cruise armed decoy , (SCAD) is another example of a seemingly 
worthwhile project abandoned because of economics. Planned to 
extend the service life of the B-52, SCAD>as all but killed in 
the spring of 1973\when the Pentagon decided it would c^st more , 
tl^an the anticipated results warranted. The SCAD progrL, jplanned 
at $800 million, was stopped after an expenditure of $^7.5 million, 
although the option to resume development was retained. . 
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SUGGESTIONS. FOR TEACHING: 

] 

\ 

a. Suggested time: '1-2-2 



3^1 d 
1^ in 



b. Ill teaching this chapter^ the instructor will ,genera11y be 
surprised at how much th^students know about the recent 
developments of aiyxraft. At least they will have scattered 
and varied infortpation from daily and weekly news media. Th\ 
iitaiVi objective ><Jf classroom activity would be^to determine wh'^t 
the.\ students J<now and then fill in the information so it woj 
be complete/as far w-possible.. Your experience^ in life an^ 
the /\ir R>rce will be a valuable fool in the teaching of this 
chaptfer/because you have seen much of what- is described here 
firsth^d, e;g., the post-war development of fiircraft. .Also, 
, 70ur /ife has been influenced ty the changing attirudes of the/ 

nation and of Congress in regards to hardware develdpmenu 
/ Properly used, your ex^riences can bring thiSi ch^tV to life 
^ fcryour class. I^ep in mind, however, thiat your. stuUents 

robably are not a\ oriented toward contiriued qp^emment support 
and encouragement, of te^nological research a^you may be, 

A debate is excelTent tdfcf^j^y^que to use /or this chapter. 
Thp list of topics is\quit5 long, e.g., (1) should the B-h^e 
funded, ('2) should the SST be/built, (3) is air transportation 
more impot^tant than ecology? exc. Another variation could be 
. a role playing situation where ^tudents act as a congressional 
committee taking testimony on an aviation /elated research project. 
Or certain- students n^y act as a panel of/expents with the class 
acting as Congress trying to deny funds./ This approach may 
demonstrate the political process and i/s impact pn scientific 
research and aviation progress 

d. Student assignment: read pages 12X126, 



V. 
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INSTRUCTIONAL^IOS: 
Films: */ ' 
NASA, Hg 205, Space in the 70's-Aeronautics , 28 mi 
PROJECTS: 



1 

n, color, 1971 



a. This chapter lends itself well to a series of reports on current 
events in the field of aviation development; for instance, what 
a given aircraft was designed for, its capabili tiei\ its pros- 
pects,. its ecological impact, government declsionsjaVfecting 
its development, etc. Reports may be approached fromXdifferent 
viewpoints. - : 



Have the class brainstorm possible 'future usei 
systems. » \ 



of pi^opu\sion 

Certain stucfents could write articles for thel s'chool Newspaper 
or the locajl newspaper on what they are coverjirig in this unit. 
The public Hi currently votally^interested iri/this subject. 

If you hav^ collected a large number of models, engines, etc.^ . 
invite oth6r classes or thd/faculty in to see them. 



URTHER RfjioiNG: " / 
a. Many Sf the books Osed /s 



/ 




references for the first chapter will 
serve as .excellent suimiary m4terial. 



t>. Current periodicals ^nd news^a^rs. 
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IDEAS FOR IMPROVEMENT OF THE TEXTBOOK AND/OR INSTRUCTOR'S GUIDE 
AND TEACHING TECHNIQUES MOST EFFECTIVE FOR THIS CHAPTER. 
TO BE^ COMPILED AT END OF TEXT AND SENT TO JRC 

* PROPULSION SYSTEMS - 
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